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(5 7) Abstract: 

PURPOSE: To optically couple quartz-base optical waveguides 
unregulatedly. 

CONSTITUTION: The end face of a quartz-base optical 
waveguide 4 is etched with 49% aq. solution of hydrofluoric w 
acid. Since the etching rate is higher, as the dopant concn. in the ** 
etchant higher, the core of the end face is concaved. Meanwhile, 
the end face of an optical fiber 6 is etched with the mixture of 
49% aq. solution of hydrofluoric acid and 40% aq. solution of 
ammonium fluoride in 1 : 1 0 of weight ratio. Since as the etching 
rate of the etchant is lower, as the dopant concn. in higher, the 



ft) 



core of the end face projective cpnvexly. The quartz waveguide 
and optical fiber are optically coupled unregulatedly by engaging 
the recess and protrusion formed on the respective core parts of ^ 
the end faces. -^i 
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♦NOTICES* 

Japan Patent Office Is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the optical coupling circuit and its manufacture 
technique for optical communication for carrying out optical coupling of between quartz system 
optical waveguides. ~ . - 

[0002] 

[Description bf the Prior Art] The optical coupling circuit which combines between the quartz 
system optical waveguides which are the optical spectral separation element in an optical 
transmission system, an optical branching element, and an optical fiber is one of the devices 
important when an optical transmission system is constituted. 

[0003] Generally, as for the optical coupling between quartz system optical waveguides, it is 
• desirable that it can carry out by^less adjusting fi^m the viewpoint of low-cost-izing. 
Conventionally, as such an optical coupling circuit, the optical coupling circuit indicated by the 
paper by Mr. Dceda of C- 183 etc. will be raised in an electronic-intelligence communication 
society, 1993, for example. This optical coupling circuit makes the core of an optical fiber end face 
project to convex by selection etching, and fabricates the core of a quartz system optical 
waveguide to a concave by press plastic surgery, and carries out optical coupling of an optical 
waveguide and the optical fiber by-less adjusting by fitting in the height and the concave section 
[0004] 

[Problem(s) to be Solved by the Invention] In the above-mentioned conventional optical coupling 
circuit, concave formation of the core of an optical waveguide needs to make the punch center of a 
press forming in agreement with the core center of a quartz system optical waveguide with high 
degree of accuracy. There were many these position doubling man dsiys, and there was a big fault 
that low-cost-izing was difficult. 
[0005] 

[Means for Solving the Problem] The manufacture technique of the optical coupling circuit of this 
mvention When the fraction with the higher core dopant concentration of a quartz system optical 
waveguide etches the end face of the 1st quartz system optical waveguide by the lst etching 
reagent with a quick etch rate A heights is formed in the flection of the core of an end face, when a 
concavity is formed in tiie fraction of the core of an end face and the fraction with the higher core 
dopaiit concentration of a quartz system optical waveguide etches the end face of the 2nd quartz 
system optical waveguide by the 2nd etching reagent with a slow etch rate. It is characterized by 
cairymg out optical coupling of the above 1st and the 2nd quartz system optical waveguide by 
fitting m the aforementioned concavity and the aforementioned heights. 

[0006] It is characterized by the optical coupling circuit of this invention containing the 2nd two or 
more optical waveguide by which .the heights formed in the fraction df the 1 ^t two or more optical 
waveguide which the concavity or the heights-was formed -in the fraction of the "core of an eiid 
face, and was united with it in parallel, and- the core of an end face, or a concavity fits into the ■ 
•concavity or heights formed in the end face of the 1st aforementioned optical waveguide, and 
-optical coupling was carried out to the 1st aforementioned optical waveguide 
[0007] 

[Function] Generally, the dopant is added by the core of a quartz system optical waveguide in . 
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order to raise a refractive index. Therefore, when the quartz system optical waveguide Which has 
the core which became depressed on concave when an etch rate etched ah optical- waveguide end 
face by the quick etching reagent can be made so that dopant concentration is high in the end face 
of a quartz system optical waveguide, and an etch rate etches an end face by the late etching 
reagent conversely so that dopant concentration is high, the quartz system optical waveguide: 
which has the core projected to convex can be made. In order that this invention may form a 
concavity and a heights in the fraction of the core of an optical-waveguide end face by etching, it 
does not have the need for the process for carrying out position doubling of these concavities and 
the heights to a core with high precision, and it becomes easy to low-cost-ize it of an optical 
coupling circuit. 
[0008] 

[Example] Hereafter, this invention is explained with reference to a drawing. 
[0009] Drawing 1 is a side elevation showing the 1st example of this invention. As 1st quartz 
system optical waveguide, the quartz system optical waveguide 4 which has the core 2 of an about 
10-mrcrometer one side square cross section and the clad 3 with a thickness of about 10 
micrometers is fomied in the top of the optical substrate 1 made from silicon (Si). Moreover, as 
2nd quartz system optical waveguide, the quartz system optical waveguide 4 is countered andlhe 
optical fiber 6 which has the core 5 with a diameter of about 10 micrometers is arranged ( drawing 
1 (a)). The heights 5-1 to which the concavity 2-1 which hollowed the fraction of a core 2 made 
the end face of an optical fiber 6 project the fraction of a core 5 is formed in the end face of a 
quartz system optical waveguide. Diacid-ized germanium (Ge02) is ************ejj mixed 
ineach core 2 and 5. the ratio of a core and clad - a refractive-index difference is about 0.3% The 
mixing technique of a dopant has the common technique of making it mix at the time of an optical 
waveguide and optical fiber formation. ^ 
[0010] The production technique of a concavity 2-1 etches the end face of an optical waveguide 4 
by 49% of the hydrofluoric acid first. Since an etch rate is quick, the core of an end face becomes 
depressed on concave, so that the etch rate of this etching reagent has high dopant concentration. 
The heights 5-1 production technique is a one for one in the end face of an optical fiber about 49% 
of a hydrofluoric acid, and 40% of fluoride **************, since an etch rate is slow, the core 
of an end face projects in convex, so that the etch rate of this etching reagent has high dopant 
concentration. And the concavity 2-1 produced in this way is formed in the shape of [ which 
becomes narrow gradually toward the back ] a taper, and aheights 5-1 is formed in the shape of 
[ which becomes narrow gradually toward a nose of cam ] a taper. Etching time is about 1 hour at 
a room temperature, respectively. In addition, since etching time is short made by raising the 
temperature of an etching reagent, it is easy to shorten the above-mentioned etching time and to 
gather working capacity fiirther. . ^ 
[001 1] Thus, make the quartz waveguide 4 and the optical fiber 6 which were produced approlch 
mutually a concavity 2-1 and the heights 5-1 are made to fit in, and optical coupling is earned out 
by-less adjustmg ( drawing 1 (b)). Thus, since the core of an optical-waveguide end fece can be 
formed at a concave and the core of an optical fiber end face can be formed in convex by etching 
highly precise positiomng like before becomes unnecessary, and can realize a low cost optical 
couphng circmt. this example - justification - the unnecessary quartz waveguide and the coupled 
circuit of an optical fiber were obtained, and flie joint loss was also as good as 0.5d or less 
[0012] Drawing 2 is a plan of the array optical coupling circuit of four channels of the 2nd 
example of this invention. As 1st quartz system optical waveguide of four channels, four pitch 
250micrometer quartz optical waveguides 14a-14d are formed on the silicon (Si) substrate 1 1 and 
the end face which is each core 12a-12d has become depressed on concave, moreover ~ the 2nd 
quartz system optical waveguide of four channels ****** - four optical fibers 16 - it is similarly 
anyiged by pitch 250micrometer, and the cores [ 15a-15d ] end face has projected no less than a- 
16d to convex The optical waveguides 14a-14d and the optical fibers [ 16a-16d ] geometiy are the 
same as that of the case of the 1st example. The concavity of a cores [ of the end face of the quartz 
s^tem waveguides 14a- 14a / 1 5a- 1 5d ] fraction and the heights of a cores [ of an optical fibers / 
16a-16d / end face / 15a-15d ] fraction fit in, and optical coupling of the quartz system waveguides 
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14a-16d and the optical fibers 16a-16d is carried out. For this reason, like the 1st example, highly 
precise positioning becomes unnecessary and can realize a low cost optical coupling circuit. 
[0013] The technique of producing the concavity and heights which were formed in the shape of 
[ of the arrangement to the shape of an above-mentioned array ] a taper is the same as that of tiie 
case of the 1 st example. That is, by etching by the above-mentioned etching reagent, two or more 
quartz waveguides and core firactions of the end face of an optical fiber are put in block, and it can 
do in the shape of a toothing. For this reason, the increase in efficiency of work can be increased. 
The joint loss in this example was as good as 0.7dB or less. In addition, you may unify in'parallel 
by arranging optical fibers 16a-16d in Mizouchi who formed in the substrate etc. 
[0014] In addition, in order to acquire a low joint loss further, it is the 1st and 2nd examples, it 
may be filled up with the **** ****** oil for index matching between the concavity of an end 
face, and a heights, and heating melting of between a concavity and heightss may be fiirther carried 
out using heat sources, such as a carbon dioxide laser and arc discharge, and you may join. 
[0015] Moreover, it may not be limited ta this, but as long as it is the optical waveguide which is 
tiie quality of the material of a quartz system as the 1st and 2nd quartz system optical waveguides, 
what thing may be used, although optical fibers 6, 16a,-16d were used as 2nd quartz system optical 
waveguide in the 1st and 2nd examples, using the quartz system optical waveguides 4, 14a,-14d on 
a silicon substrate as 1st quartz system optical waveguide. 

[001 6] Moreover, in order to reduce the amount of Ught reflexs of the concavity of an end face, 
arid a heights, you may give a nonreflective coat on these fi-ont faces. 

[0017] Moreover, although the number of channels was set to 4 in the 2nd example, this invention 

is not Imuted to this but may be used for 2 or 3 channels or five channels or more 

[0018] 

[Effect of the Invention] According to this invention, the manufacture technique of the optical 
couphng circuit which can fabricate the concavity and heights of an optical-waveguide end fece 
for carrying Out optical coupling of the optical waveguides by-less adjusting without a special 
position doubling process into the fraction of a core by etching is acquired as stated above. 



[Translation done.] 
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^NIDE V07 96-375126/38 ^JP 8179147- A 

Mfg. method of optically-coupled circuit for optical communication - involves press-fitting 
of recess and projection to optically couple first and second quartz system optical waveg- 
uide 

NEC CORP 94.12,27 94JP-324567 
P81 (96.07.12) GQZB 6/ 24 

.The metiiod involves using core (2) of quartz system optical waveguide (4) with 
high dopant density which etches the edge face of a first quartz system optical waveguide 
by an etching liquid with quick etching speed. 

A projection and a recess are formed in the core (5) of an edge face when the core 
of quartz system optical waveguide widi high dopant density etches tiie edge face of a 
second quartz system optical waveguide by an etching liquid with low etching speed. The 
optical coupling of the first and second quartz system optical waveguides is performed by 
press-fitting the recess and the projection. 

ADVANTAGE - Provides non-coordination optical coupling of quartz system op- 
tical waveguides. Provides special aUgnment process witiiout etching, (4pp Dwg.No 1/2) 
N96-315735 
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